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INTRODUCTION
Borehole ERDA-9 is an exploratory well drilled at the center of a proposed site for a waste isolation pilot plant (WIPP) in eastern Eddy County, N. Mex. (fig. 1 ). Specific objectives in the drilling of the well were to: (1) determine lithologic and stratigraphic details of salt beds and other rocks at the WIPP site, (2) examine the structure of the rocks, (3) con duct inhole geophysical surveys to define rock properties, and (4) obtain core samples for laboratory analysis and testing of the salt beds and associated rocks.
The drilling of ERDA-9 was done on behalf of the U.S. Department of Energy (formerly the
U.S. Energy Research and Development Administration). Technical direction was provided by
Sandia Laboratories; the drilling operations and related supporting services provided by supply and logging companies were supervised by Fenix & Scisson, Inc. The examination of drill cuttings and cores was the responsibility of the U.S. Geological Survey.
Basic data concerning the geologic section in ERDA-9 are tabulated herein. Physical details of the location and drilling of ERDA-9 are summarized in The results of the examination are interpreted and correlated with selected geophysical logs on figure 2a, b, and c to portray the lithology of the geologic section in ERDA-9. The correlation involved the matching of lithology as established by examination with specific rock properties as recorded by gamma-ray, density, acoustic velocity, and other inhole geophysical surveys.
The matching of lithology and rock properties provides a useful method for determining the depth intervals from which cuttings and cores were recovered in drilling operations, and for detecting errors in depth determination by drill-rod measurement.
In this compilation inch-pound units are used. The use of these units is dictated by:
(1) the consideration that measurements should be reported in the same units as those in which original observations were recorded, and (2) Set 7 inch OD casing at 2,883 feet, and cemented annul as with 122 feet3 of class "H" cement.
Filled casing with oil-base mud, and prepared borehole for temporary abandonment.
All depth measurements used by core engineer, core handlers, and core photographers are in error by an amount ranging from a minimum of 5.7 feet to a maximum of 25.1 feet. The amount of correction to be added to individual core segments to determine the true depth below the KB is tabulated below. On removal from the borehole, all core was cleaned to remove a surficial coating of the oil-base mud used as a drilling fluid. After cleaning, the core was marked according to the depth interval reported by the driller, examined visually for geologic details, photographed, wrapped and sealed in polyethylene plastic, and then transported to the warehouse for storage until sampled for analysis and testing. It should be noted that core sailed for analysis and testing are marked according to driller's depth, and not their true depth below the KB at ERDA 9.
After completion of the drilling operation, a -suite of wireline geophysical logs was run the full length of the borehole under open-nols., fluid-filled conditions. The suite of wireline logs included: (1) a gamma-ray curve that recorded variation in the distribution of radioactive elements, (2) a neutron curve tnat -ecorded variations in the distribution of hydrogen, (3) a spectral gamma curve that recorded variations in the distribution of individual radioactive elements potassium, uranium, and thorium, (4) a gamma-gamma curve that recorded variations in rock density, and (5) an acoustic-velocity curve that recorded variation in elastic velocity. Considered together, the suite of wireline logs also served to: (1) facilitate the recognition and correlation of rock units, (2) assure identification of major lithologies (dolomite, anhydrite, polyhalite, and other rocks) associated with salt beds, and (3) provide a depth determination independent of that indicated by drill-rod measurement.
GEOLOGIC DATA
Borehole ERDA-9 penetrated consolidated sedimentary rocks totaling 2,877 feet in thickness (table 2) . The rocks include a younger group ofcontinental and marine red beds ranging from Quaternary to Permian in age, and an older group of marine evaporites (dolomite, anhydrite, halite, and associated potassium-bearing rocks) of Permian age. The red beds and evaporites are described in table 2 in the same descending order of youngest to oldest in which they are penetrated by the drill bit in the hole. This procedure preserves the order in which the rocks are described in the stratigraphic summary and in the lithologic log ( fig. 2; table 3 ).
Quaternary System
The Quaternary System in ERDA-9 includes an unnamed deposit of eolian sand of Holocene age, and the Mescalero caliche and Gatuna Formation of Pleistocene age. The eolian sands are ubiquitous, and conceal the consolidated bedrock over much of the WIPP site. They are readily accessible for study and observation, and are not discussed further. 1914-1915 1933-1935 1976-1989 "2006 2043-2058 "2075 2120-2121 2177-2180 2241-2251 2320-2330 2377-2391 2450-2456 2493-2506 2540-2563 2836-2889 1 Depth interval recorded by compensated neutron curve. 2 Includes artificial fill for drill pad. SMarker bed--a laterally persistent stratigraphic unit composed of anhydrite and (or) polyhalite, and used for correlation purposes.
4 Base of rock unit. Informal unit of Salado Formation.
Mescalero Caliche
From 22 to 27 feet below the KB, the bit penetrated a well-indurated illuvial deposit known informally as the Mescalero caliche. The Mescalero consists of white, chalky limestone which contains discrete grains of quartz floating in a calcite matrix and shattered sandstone fragments from the underlying Gatuna Formation.
Gatuna Formation
Pale-reddish sandstone representing the Gatuna Formation extends from 27 to 54 feet below the KB. The sandstone is very fine to fine grained, calcareuos and friable, and includes debris derived from older red beds.
Triassic System
Santa Rosa Sandstone A 9-foot interval, from 54 to 63 feet below KB, of pale-red, grayish-orange, and lightgray, medium-to coarse-grained sandstone is believed to represent the basal part of the Santa Rosa Sandstone. The rock resembles Santa Rosa outcrops to the north and east of ERDA-9, but it may be debris from the Santa Rosa that now forms the basal Gatuna Formation.
Permian System
The Permian System in ERDA-9 includes, in descending order, the Dewey Lake Red Beds, the Rustler Formation, the Sal ado Formation, and a part of the Castile Formation.
Dewey Lake Red Beds
Extending from 63 to 550 feet in ERDA-9 is a lithologically distinctive but monotonous succession of reddish-brown, dolomitic siltstone and mudstone known as the Dewey Lake Red Beds; sparse interbeds of fine-to coarse-grained sandstone occur here and there in the formation.
Much of its reddish-brown rock is irregularly mottled greenish-gray in splotchy, nodular and lenticular masses. Many bedding surfaces are sprinkled with plates of biotite. Veinlets of white, fibrous selenite are common in the lower 325 feet of the formation, and their presence attests to the absence of circulating ground water unsaturated with the respect to calcium sulfate since vein formation.
Rustler Formation
The Rustler Formation, 550-860 feet below KB, is chiefly anhydrite and fine-grained clastic rocks with interbeds of dolomite and clayey halite. Clastic rocks in the upper and middle parts of the formation are structureless, unconsolidated clays and silts that are dissolution residues derived from clayey and silty halite; whereas those in the lower part of the formation are wellindurated mudstone and clayey siltstone with halite cement. Gypsum rims the anhydrite immediately above and below the dissolution residues and above and below the dolomite interbeds.
The dolomite in the Rustler forms two distinctive stratigraphic units, that are, respectively 58 and 166 feet (608 and 616 feet below KB) tielew the top of the formation. The unit is known as the Magenta Dolomite Member and the lowe* as "he Culebra Dolomite Member. The Magenta is a fine-grained, silty dolomite with a platy (< ^min.ited) structure, composed of detrital dolomite and silt; whereas the Culebra is thin-bedded., well-crystallized dolomite of chemical origin that contains solution pits from which calcium suifate (gypsum and anhydrite) has been leached. Both the Magenta and the Culebra are aquifers of regional importance.
Sal ado Formation
The Salado Formation, 860 feet and extending to 2,836 feet below the KB at ERDA-9, contains the salt beds of main interest at the WIPP site. The Salado is chiefly rock salt and contains many short to long intervals showing alternation of polyhalitic (or anhydritic) halite and argillaceous halite in beds ranging from a few inches to a few feet in thickness (Jones, 1973) . 
Castile Formation
At 2,836 feet below the KB at ERDA-9, the salt beds of the Salado Formation give way downward to anhydrite of the Castile Formation. The Castile is the oldest formation in ERDA-9 and extends to the bottom of the borehole at 2,839 feet. The rock is gray, fetid, and dense; it has a nodular to laminar structure, and contains anhydrite pseudomorphs after gypsum. Magnesite(?) fills the interstices between nodular masses of anhydrite and the anhydrite pseudomorphs. Siltstone and mudstone, dark-reddish-brown peppered with greenish-gray spots, biotitic and dolomitic 112.0-167.0 Same as above, and medium-reddish-brown, very finegrained to fine-grained silty sandstone 167.0-172.0 Siltstone and mudstone, dark-reddish-brown peppered with greenish-gray spots, dolomitic and biotitic 172.0-182.0 Same as above, and white to light-gray, very fine grained sandstone 182.0-187.0 Siltstone and mudstone, dark-reddish-brown peppered with greenish-gray spots, biotitic and dolomitic 187.0-192.0 Same as above, and medium-reddish-brown, very fine grained silty sandstone 192.0-197.0 Siltstone and mudstone, dark-reddish-brown peppered with greenish-gray spots, biotitic and dolomitic 197.0-217.0 Sandstone, white and light-brown to medium-brown, fine-to mediumgrained; contains well-rounded, frosted quartz grains 217.0-222.0 Siltstone and mudstone, dark-reddish-brown peppered with greenish-gray spots, biotitic, dolomitic; chips of white fibrous selenite _.._____ 222.0-227.0 Siltstone, dark-reddish-brown peppered with greenish-gray spots, biotitic, dolomitic; minor dark-reddish-brown mudstone and chips of white, fibrous selenite 227.0-247.0 Table 3 . Lithologic log of borehole ERPA"9^-Continued
Lithologic description Depth interval Feet
Siltstone and mudstone, medium-reddish-brown to dark-reddish-brown peppered with greenish-gray spots, biotitic, dolomitic; chips of white fibrous selenite 247.0-252.0 Same as above, and white, light-brown and dark-reddish-brown, mediumgrained sandstone 252.0-267. capped and underlain by greenish-gray clay partings ------__-_-_ ___ 1432.5-1432.7 Halite, reddish-orange, medium-crystalline, sparingly polyhalitic; contains interbeds of light-gray and light-brown argillaceous halite 1432.7-1432.9, 1433.6-1433.8, and 1437.7-1438.0 feet, and a brown clay parting 1433.6 feet 1432.7-1438.0 Halite, gray and pale-orange, medium-crystalline, sparingly argillaceous and polyhalitic --1438.0-1438.8 Halite, reddish-orange, medium-crystalline, sparingly polyhalitic --1438.8-1440.4 Halite, brownish-gray, fine-to medium-crystalline, argillaceous and sparingly polyhalitic --1440. ---1556 --- .8-1557 --- .6 Halite, pale-reddish-orange, medium-crystalline, sparingly polyhalitic-----1557 --- .6-1564 Halite, brownish-gray, fine-to medium-crystalline, sparingly argillaceous and very sparingly polyhalitic; contains brown clay parting at 1564.9 feet---1564.6-1565.7 Halite, reddish-orange, medium-crystalline, sparingly polyhalitic throughout and very sparingly argillaceous 1565.6-1565.8 feet-1565.7-1567.5 Halite, brownish-gray, medium-crystalline, very sparingly argillaceous-1567.5-1568.8 Halite, reddish-orange, medium-crystalline, very sparingly poly- -1568 - .8-1569 - .8 Halite, brownish-gray, medium-crystalline, sparingly argillaceous----------1569 - .8-1570 No core---1570.5-1570.8 Halite, light brown and pinkish-tan, fine-to medium-crystalline, very sparingly argillaceous and polyhalitic; capped by brown clay parting 1570.8 feet -1570.8-1572.2 Halite, gray and brown, fine-and medium-crystalline, very argillaceous and sparingly polyhalitic----1572,2-1574.1 
